The association of airxpollution with the prevalence of chronic lower respiratory tract symptoms among children with a history of asthma or related symptoms was examined in a cross-sectional study. Parents of a total of 3,676 fourth, seventh, and tenth graders from clausrooms in 12 communities in Southern California completod questionnais that r izedthe ns histories of respiratory illness and associated; risk factors. The prevaiences of bronchitis, chronic phlegm, and chronic cough were invgated among children with a history of asthma, wheeze without diagnosed asthma, and neither wheeze nor astha. Average ambient annual exposure to ozone, particulate matter (PM10 and PM25; S 10 pm and < 2.5 pm in aerodynamic diameter, respectively), acid vapor, and nitrogn di xde (2) 
ozone, particulate matter (PM10 and PM25; S 10 pm and < 2.5 pm in aerodynamic diameter, respectively), acid vapor, and nitrogn di xde (2) ws e at fom monitoring stations in each community. Positive associations between air pollution and bronchitis and phlegm were observed only among children wih asthma. As (10) . Briefly, a total of 3,676 children participated (approximately 150 fourth graders, 75 seventh graders, and 75 tenth graders in each of 12 primarily suburban communities). These children were from primarily middle class public school classrooms selected based on historical measurements of air quality, demographic similarities, and a cooperative school district. In early 1993, a parent of each study subject provided written informed consent and completed a written questionnaire that characterized the child's history of respiratory illness and its associated risk factors. Principal outcomes of interest included a) one or more episodes of bronchitis (defined by the question "How many times in the past 12 months did your child have bronchitis?") and the following symptoms associated with bronchitis; b) chronic cough (defined by a "yes" answer to the question "During the past 12 months, has this child had a cough first thing in the morning that lasted for as long as 3
The role of air pollution in the exacerbation of existing asthma has been studied and debated (1) (2) (3) . In ecologic studies, the concentration of ambient particulate matter with aerodynamic diameter < 10 pm (PM1), primarily in combination with high sulfur dioxide (SO2) and sulfate particulate matter, has been associated with increased hospitalization for asthma (4) . As air pollutants, especially ozone, increase, emergency room visits for asthma increase, acute symptoms and medication use among asthmatic patients increase, and peak expiratory flow rate decreases (5) (6) (7) (8) .
There has been little population-based research examining the role of air pollution in causing bronchitis and associated chronic respiratory symptoms-cough and phlegm-in children with asthma or wheeze. One study showed an increase in prevalence of bronchitis associated with particulate pollution among children who had a history of wheezing or asthma (9 months in a row?" or to the question "During the past 12 months, has this child had a cough at other times of the day that lasted for as much as 3 months in a row?"); c) chronic phlegm (defined by a "yes" answer to the question "Other than with colds, does this child usually seem congested in the chest or bring up phlegm?").
The association of air pollution with these symptoms was examined in children with a) asthma (defined by a "yes" answer to the question "Has a doctor ever diagnosed this child as having asthma?"); b) wheeze (defined by a "yes" answer to the question "Has your child's chest ever sounded wheezy or whistling, including times when he or she had a cold?"), exclusive of those children with asthma; and c) no history ofasthma or ofwheezing.
Children and phlegm were examined in each subgroup (children with asthma, wheeze only, and neither wheeze nor asthma) by using a two-stage modeling strategy that has been described in detail (10 (Table 2) . Children with asthma also were more likely to be boys, to have health insurance, and to report mildew or pets in the home, and were less likely to have parents with low educational achievement. For children with asthma, all pollutants except ozone were positively associated with the risk of bronchitis, although the association was strongest for particulate pollutants (OR= 1.4 per interquartile range for both particle indices) and was statistically significant for PM0O (Table 3 ). There was a strong positive association between phlegm and ambient particulates and NO2, and a slightly weaker, but also significant, association with acid pollutants. There was a modest positive, but not significant, association between cough and PM2, NO2, and acid. There was no association between air pollution and prevalence of bronchitis or associated symptoms among children with a history of wheezing (without asthma). Among children with neither wheeze nor asthma, there was a weak inverse association between bronchitis 
Discussion
Among children with asthma in this study, increased particulate air pollution was associated with significantly increased prevalence of chronic phlegm production and with bronchitis. There also was a strong association of NO2 and gaseous acid with increased phlegm prevalence and a modest and nonsignificant association of NO2 with increased prevalence of bronchitis. No significant associations were found between air pollution and chronic cough, but power to assess this relationship was limited by the small number of children with cough. The increased prevalence of bronchitis observed among children with asthma is consistent with the known overlap between the two conditions (11, 12) . In the context of this investigation, bronchitis and related chronic symptoms may represent exacerbation of asthma by air pollution rather than conditions that can be separated from asthma. Alternatively, the results may have reflected the persistent respiratory symptoms reported among asthmatic children with viral infections in communities with air pollution, especially NO2 (13) . Because of the high correlation of particulate air pollution, NO2, Table 3 . Risk of bronchiis, phlegm, and cough by air pollutant concentrationa among children with a history of asthma, wheeze, and neither asthma nor wheeze.
Asthma
Wheeze 0.9 0.7-1.3 Abbreviations: Cl, 95% confidence interval; NO2, nitrogen dioxide; OR, odds ratio; PM10, particulate matter < 10 pm in aerodynamic diameter; PM25, particulate matter <2.5 pm in aerodynamic diameter.
&Prevalence ORs were calculated per interquartile range of yearly mean exposure for each pollutant [daily peak ozone, 32 ppb; daily average PM10, 19 pg/M3; daily average NO2, 24 ppb; 2-week average PM25, 15 pg/m3; and acid 11.8 ppb of HCI + HNO3, measured on a mole basis)]. All models were adjusted for age, sex, race, school grade, and membership in a health insurance plan. bNumber responding positively for each outcome/total in stratum; total varies by outcome because of variable "don't know" responses or missing values (which were excluded). and acid (Table 1) , it was not possible to distinguish which of these pollutants was more likely to be responsible for the observed effects.
Physician-diagnosed asthma and the outcomes of interest, although relatively imprecise end points with somewhat limited reliability (14) , have been widely used in epidemiologic studies of children, and physician-diagnosed asthma has been found to reflect what physicians actually reported to patients, at least in adults (15) . In this study, children with reports of physician-diagnosed asthma were uniquely sensitive to air pollution in Southern California. Children with a history ofwheezing but without physician-diagnosed asthma are an even more heterogeneous group, which includes children with undiagnosed asthma, with wheezing illness in infancy and early life associated with respiratory infections, or with small airways (16) , in addition to a large number of other wheezing conditions that must be excluded before the diagnosis of asthma can be made (12. In this study, although air pollution was not associated with chronic symptoms among children with wheeze, there was no inverse relationship between air pollution and bronchitis, as was observed for children without wheeze (Table 3) , an association that may reflect underlying unadjusted confounding by unmeasured covariates in the study communities. It is possible that more accurate classification of individuals based on objective hallmarks of asthma, such as atopy or bronchial hyperreactivity, would strengthen the observed associations. Individuals with greater airway lability, for example, have been found to be more responsive acutely to air pollution, regardless of asthma diagnosis (17) .
There have been few other populationbased studies of air pollution and prevalence of chronic respiratory symptoms among children with asthma. In the Six Cities Study, Dockery et al. (9) reported an association between exposure to particulate matter < 15 pum in diameter and the prevalence of bronchitis among children with wheeze or asthma. In that study, an association with NO2 was not reported. Our results differed from those of Dockery et al (18) (19) (20) (21) . In chamber studies, Hachney et al. (22) found that patients with asthma developed lower respiratory symptoms on exposure to high concentrations of fine sulfuric acid aerosol (but not to concentrations nearer to ambient exposures). The relevance of these results is unclear for Southern California, where acid air pollution is primarily gaseous nitric acid derived from NO2. A subset of asthmatics has been reported to have consistent acute decrements in lung function in response to exposures to NO2 (23) . However, other studies have not consistently demonstrated acute exacerbation of symptoms among asthmatics exposed to acid aerosols (3) or among asthmatics acutely or chronically exposed to NO2 (as a result of indoor gas stoves and space heaters or ambient air pollution) (4).
The absence of an observed association in this study between ozone and prevalence of chronic symptoms among children with asthma is not entirely consistent with studies of acute effects of exposure to ozone pollution. Emergency room visits for asthma (5, 6) and acute symptoms in panels of children with asthma (7,8E, including children in Southern California (24, 25) , have been associated with ozone exposure. However, some experimental chamber studies suggest that asthmatic volunteers, in the absence of intense exercise, may not be more sensitive to ozone than subjects without asthma (4). In addition, acute exacerbation of asthma by ozone does not necessarily mean that chronic bronchitic symptoms must result from chronic exposure. Attenuation by repeated exposure of the acute response to ozone has been observed (3) . In the Six Cities Study, no association was observed between ozone and prevalence of bronchitis among children with wheeze (9.
There were several limitations to our study, including the use of 1994 exposure information to evaluate the relationship with symptoms corresponding to the 12 months before the questionnaire was completed in early 1993. However, a comparison of measured exposures in 1994 with estimated exposures in 1992, based on NO2 and ozone measured at existing monitoring stations, suggests that ambient exposures and effects were very similar in both years. The misclassification of personal exposure based on community monitors is likely to result in underestimation of a true association. Error also is likely in reporting bronchitis and phlegm, but this bias also might be expected to dampen the observed relationship between air pollution and a true effect. Finally, exposure to pollutants could be associated independently with the prevalence of asthma and of bronchitis, producing confounding. However, in these data there was no association between bronchitis and pollution, except in the population with asthma; in previous analyses we have demonstrated that air pollution was not associated with asthma prevalence (1a).
The results of this study indicate that children with asthma are especially sensitive to the effects of air pollution in Southern California. Prospective follow-up of this cohort of children, who are being reexamined yearly, will identify the onset of new symptoms indicative of asthma activity in relation to exposure to criteria pollutants. Year-to-year variability in the mix of pollutants associated with symptoms may permit the evaluation of the contribution of individual pollutants.
